ABSTRACT
INTRODUCTION
The burnable poison (or simply poison) is a substance, which has a high neutron absorption crosssection, which reduces the reactivity of a reactor core [1] . These neutron absorbers are chosen because they transmute by neutron capture into isotopes with low capture cross sections, somewhat faster than fuel burnup, thus leaving a residual minimum amount of burnable poison at the end of the fuel cycle [2] . Such characteristics of burnable poison improve fuel utilization, contributing to a more homogeneous power distribution into the reactor core and are able to control nuclear reactivity. Burnable poisons are rare on earth and they are particularly useful for the control of nuclear reactivity, among which are the elements Samarium (Sm), Europium (Eu), Dysprosium (Dy), Erbium (Er) and Gadolinium (Gd).
The presence of burnable poison in adequate amounts reduces the use of control rods [3] . This practice reduces the amount of actinides and fission products, and does not change the thermal conductivity [4] . The burnable poisons remove neutrons by absorption and thus effectively reduce the excess of reactivity in the nuclear core. This effect is generally desirable at BOC, due to the excess of reactivity at load the core with fresh fuel, being necessary a high concentration of burnable poisons. The best way to improve the fuel utilization is based on the burnup extension and poison kinetics at BOC, since the lowest remaining residual concentration of the burnable poison is expected at the end of the cycle in order to stop neutrons absorption and to reduce any core excess reactivity.
Cochran and Tsoufanidis (1999) [5] reported that gadolinium (Gd) seems to be more attractive because it can be mixed directly with UO2. It has several isotopes and the natural abundance of Figure 1 shows fuel rod assembly with guide tubes, with 16 BPR, and without BPR, and was generated using the SCALE 6.0 code. To calculate the infinite multiplication factor (kinf), the geometry of the bundle model was reflected from all sides. In this way, neutrons are not allowed to escape from the system. Figure 2 shows pellets fuel, fuel rod, and fuel element. [13]: http://www.inb.gov.br/ptbr/WebForms/Interna2.aspx?secao_id=58 access (2013). Table 2 presents other parameters used in modeling of the fuel element according to the literature [9] , considering the number of BPR inserted. [9] Using the same methodology and maintaining the same geometry, 16 rods of UO2 were replaced by burnable poison. The first case studied the arrangement without BPR and the second one with 16 BRP, with different gadolinium percentages 2.00%, 4.00%, 6.00% and 8.00%, as mentioned in Table 1 .
Simulations: fuel depletion with SCALE 6.0
The SCALE code estimates the infinite multiplication factor (kinf) with the respective standard deviation of the model (σST). This works aimed to evaluate: (a) the criticality of the system with different enrichments and different percentages of burnable poison during fuel depletion and (b) the impacts of burnable poison in the kinf.
For fuel depletion calculation, TRITON module [14] was used through T6-depl command with 10000 particles and 2200 generations. The library ENDF/BVII.0 was used with 238 collapsed groups (V7-238), because it presents less deviation from the average, besides being able to be used in the calculations during fuel evolution [15] . The specific power density was 38 W/gU during 789.48 days, producing an overall burnup of 30 GWd/tHM [9] . To analyze the burnup and the impact of burnable poison in the reactivity, the time was divided into small intervals, including periods of decay, as shown in Table 3 . 
RESULTS AND DISCUSSION

CONCLUSION
This neutronic study confirmed the importance of burnable poison in the control of reactivity without the use of control rods, especially at the beginning of the cycle, when there is the greatest excess of reactivity during all the burnup.
This study showed that the consumption of burnable poison does not occur homogeneously, because, at the end of the cycle, there is a larger amount of 155 Gd, not maintaining the observed proportion at the beginning of the cycle.
This neutronic analysis confirmed that there was good synchrony in the burnup kinetics of the burnable poison, even with the different percentages used, as it presented at the end of the cycle a residual amount comparable to the simulations without the insertion of burnable poison.
Nevertheless, the increase of Gd insertion percentage does not change its final residual amount.
The next study is to make comparisons of results with other nuclear codes, such as MCNP-X and Monteburns, to increase fuel enrichment, make burns higher than that of this study, vary the amount of burnable poison rods, simulate the fuel element with the use of burnable poison enriched, in order to verify its efficiency.
The goal will be:
-to compare the values of kinf and actinides generated when the control rods are moved, with the values using the different percentages and amounts of burnable poison rods;
-to establish the best combination of the use of control rods, the percentage, and quantity of burnable poison rods and actinide generation;
-to simulate the core of a PWR reactor with the best combinations of use of control rods and burnable poison.
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